Introduction
Electrostatic discharge (ESD) is the release of static electricity when two objects come into contact. Materials are made of atoms that are normally electrically neutral because they contain equal numbers of positive charges (protons in their nuclei) and negative charges (electrons in "shells" surrounding the nucleus). The phenomenon of static electricity requires a separation of positive and negative charges. When two materials are in contact, electrons may move from one material to the other, which leaves an excess of positive charge on one material, and an equal negative charge on the other. When the materials are separated they retain this charge imbalance [1] [2] [3] [4] . During textile manufacturing process, there is a potential of static charge generation when fibers are extruded, and yarns are woven or knitted, and finished. Fibers, yarns, or fabrics are rubbed with guides, rollers or tension devices on the machinery and this operation of contact and separation continuously occur throughout the process [5] [6] [7] [8] . This gives many spinners and weavers much trouble in terms of productivity, and can lead to malfunction of electronic equipment [9] [10] [11] [12] . Static problems in textile industry have become more serious problems in synthetic fibre production [13] [14] [15] [16] [17] [18] [19] . There are many factors that affect charge generation such as environment (temperature, humidity), structural (polymer type, structure of fabric) and working factors (fabric speed, tension, and contact area between fabric and machine parts, material type that is in contact with fabric [20, 21] . From the literature survey, there is no extensive study about the electrostatic discharge properties of various types of woven fabric. Hence In this research work, the woven fabric samples of cotton, polyester PC blend, glass and silk materials have been selected to analyze the electrostatic discharge behavior of various woven fabric using electrostatic discharge tester. The electrostatic discharge is mainly depends upon various controlled factors of electrostatic discharge tester hence, the controlled factors of number of rubbing cycle (20, 30 and 40 strokes), pressure (100,150 and 200 gms), speed (10, 20 and 30 mpm) were considered and analyzed the electrostatic discharge behaviors of various woven fabrics under various temperature and relative humidity using Box Behnken design and regression analysis.
Materials and Methods
The woven fabric samples of cotton, polyester, polyester/cotton blend, silk and glass with a sample size of 10 inch × 5 inch were selected to analyze the electrostatic charge behavior of woven fabric using electrostatic discharge tester. All the selected woven fabrics were made with plain weave and same ends per inch (30), picks per inch (30). The electrostatic charge properties are mainly depends upon various controlled factors and uncontrolled factors namely number of rubbing cycle, pressure, speed, temperature and relative humidity (RH). In order to analyze and optimize the process parameters of electrostatic discharge tester, the following three factors were considered to analyze the electrostatic discharge properties of textile materials i.e., number of cycles (X1), pressure(X2) and speed (X3) by using Box-Behnken design as shown in the Table 1 . The varying values of rubbing cycle(X1) are 20, 30 and 40 strokes; the varying values of pressure(X2) are 100,150 and 200 gms. The varying values of speed (X3) are 10, 20 and 30 mpm under temperature (27°C) and RH (50%) as shown in the Table 1 . In electrostatic discharge tester, the sample is fixed between clamp1 and 2. The required parameters are fed into the electrometer before hand and the arm consisting the weight at the top and Teflon roller at the bottom is moved over the fabric in a linear reciprocating to and fro manner over the fabric. Finally the linear reciprocating movement is stopped after the predetermined values are reached, where the rubbing strokes is sensor by the proximity sensor and the static charge produced on the fabric can be measured by the electrostatic sensor. As per the coulombs law the force, pressure, speed were directly proportional to the amount of charge produced. The range of static charge that can be measured in the range of 1-15 kilovolts. When Teflon roller is moved over the fabric, the electrostatic charge is generated on the fabric, and then static charge can be sensed by electro static sensors. The electrostatic discharge values of various woven fabrics were analyzed using Box
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Results and Discussion
The static electricity of woven fabrics is mainly depends upon the various factors like speed, pressure and number of rubbing cycles, temperature and RH. In general, when the temperature is high, the static charge generation will be more but when humidity is high, the static charge generation will be less. The various type of woven fabrics have a tendency of either giving up electrons and become positive (+) in charge (or) attracting electron and become negative (-) in charge when brought in contact with other materials. The glass and silk woven fabric materials have tend to give up electrons and gain a positive electrical charge when brought in contact with other materials but the polyester woven fabrics have tend to attract electrons and gain a negative electrical charges when brought in contact with other materials. In case of cotton woven fabric do not tend to get to attract or giving up electrons when brought in contact or rube with other materials. The tribo electric effect (tribo electric charging) is a type of contact electrification in which sudden materials become electrically charged after the come in to contact with other materials through friction. Any two materials are come into contact and then separate, the electron to be exchange. After coming in contact, the chemical bond is formed between parts of the two surfaces, called adhesion, and electrical charges move from one material to other material in order to equalize the electrochemical potential.
Electrostatic discharge properties of polyester woven fabrics
It was observed from the Figures 1-3 , that the polyester woven fabric have more static charge generation range from 1.11 to 2.60 kilovolts under various controlled factors of rubbing cycles, pressure and speed as per the Box Behnken experimental design. The polyester woven fabrics have more static discharge value than cotton and silk woven fabrics. It is mainly due to the moisture regain value of polyester woven fabrics (0.4%MR). The polyester woven fabric have less moisture absorption properties and retain more static charge than the natural fibres and also the polyester material are hydrophobic in nature which hardly allows moisture through polyester woven fabric material. Hence polyester woven fabric does not able to dissipate or conduct the electrostatic charges. It was also observed that there is no significant difference of electrostatic charge of polyester woven fabrics under high and low humidity conditions. It was understood that there was a significant effect between number of rubbing cycle and pressure and speed on electrostatic discharge properties of polyester woven fabrics. It was also found that higher number of rubbing cycle, pressure and speed had significant influences on the electrostatic discharge properties.
Electrostatic discharge properties of cotton woven fabrics
It was observed from Figures 4-6 , that the cotton woven fabric have less electrostatic discharge value range from 1.11-1.53 kilovolts under the various controlled factors of number of rubbing cycle, speed and pressure as per the Box Behnken experimental design. The cotton woven fabrics have less electrostatic discharge than Polyester, PC blends, silk and glass woven fabrics. It is mainly due to moisture regain value of cotton materials. The cotton woven fabric moisture regain value is 8% but the polyester woven fabric moisture regain value is only 0.4%. The cotton fibers have 70% of crystalline region and rest of region is amorphous and cotton fibre is very absorbent owing to the counter less polar O-H group in its polymer, these attract water molecules. Hence this water conducts and dissipates the static electrical charge. There is a significant difference between cotton, PC blends and glass woven fabrics of electrostatic discharge properties. This cotton fabric moisture will able to contain and helps to distribute/dissipate the electrostatic charge very easily. However the observed moisture particle is actually conducting the electrical static charge and not the cotton fibre itself. It was also observed that the cotton woven fabrics have less static in high humidity conditions because they observed water from the atmosphere and this water conduct and helps to dissipate and distribute the electrical static charge and also cotton fabrics are ineffective at dissipating static electric charge at very low level RH. It was understood that there was a significant effect between number of rubbing cycle and pressure and speed on electrostatic discharge properties of cotton woven fabrics. It was also found that higher number of rubbing cycle, pressure and speed had significant influences on the electrostatic discharge properties
Electrostatic discharge properties of PC blend fabrics
It was observed from the Figures 7-9 , that the PC blend woven fabrics have static discharge value range from 1.12-1.85 kilovolts under various control factors of rubbing cycles, pressure and speed as per the Box Behnken experimental design. It was found that the PC blend fabrics have less electrostatic discharge generation value than the polyester woven fabric, but higher than the cotton woven fabrics. It was understood that there was a significant effect between number of rubbing cycle and pressure and speed on electrostatic discharge properties of PC blend woven fabrics. It was also found that higher number of rubbing cycle, pressure and speed had significant influences on the electrostatic discharge properties. 
The electrostatic discharge properties of silk woven fabrics
It was observed from the Figures 10-12 , that the silk woven fabric have electrostatic discharge generation value range from 1.1-1.82 kilovolts under the various controlled factors of number of rubbing cycles, speed and pressure as per the Box Behnken experimental design. The silk woven fabric less electrostatic discharge than polyester woven fabric, it is mainly due to the moisture regain value of silk woven fabric (11%). Hence the silk woven fabrics have conduct and dissipate the electrostatic charge easily than the polyester woven fabric. It was understood that there was a significant effect between number of rubbing cycle and pressure and speed on electrostatic discharge properties of PC blend woven fabrics. It was also found that higher number of rubbing cycle, pressure and speed had significantly influence the electrostatic discharge properties.
The electrostatic discharge properties of glass woven fabrics
It was observed from Figures 13-15 , that the glass woven fabric have very high electrostatic discharge value range from 1.5-2.88 kilovolts under various controlled factors of rubbing cycles, speed and pressure as per the Box Behnken experimental design. It was found that the glass woven fabric have more electrostatic discharge value than polyester, PC blend, silk and cotton woven fabrics. Since, the glass fibre woven fabric does not absorb the moisture and water; hence there is more accumulation of static electric charge over the surface of the glass woven fabrics than other woven fabric materials and also there is no any conducting or dissipating or distribution of static electric charge. In general, the static electricity is the accumulation of electrical charges on the surface of the material, usually an insulator or non-conductor of electricity. It called "static" because there is no current flowing, as there is in alternative current (AC) or direct current (DC) electricity.
The glass and silk fibre woven fabrics have the greatest tendency to give up electrons and gain a positive electric charge, but in case of polyester woven fabric have the greatest tendency to attract electrons and gain a negative electrical charge.
The regression equations were formed using co-efficient obtained in the Box Behnken experimental design to assess the static electricity charge of the textile woven fabrics. Regression equation analysis for various woven fabrics is equated as y1=-198.310232a-2.51277x1+1.719121x2+0.918667x3 where y1 indicates the average of static charge generated, x1, x2 and x3 are the three factors and levels i.e. rubbing cycle, pressure and speed. The above equation is formed in this exercise and appeared to fit in a better way with the actual value obtained at all level, expressed by the higher correlation values.
The three optimum process parameters obtained from data and graphs were analyzed for best occurrence of each process parameter and once set of process parameter is obtained to find out the (i) optimum level of each variable,(ii) best trial. The process parameters for optimum results of electrostatic discharge are shown in the Table 2 .
Conclusion
The electrostatic properties of various woven fabrics have mainly depends upon the control factors of number of rubbing cycle, pressure and speed of electrostatic discharge tester. The following conclusion can be drawn from this study.
•
The glass woven fabric have more static charge generation than polyester, PC blend, silk and cotton woven materials.
The polyester woven fabrics have more static electrostatic charge accumulation over the surface of the fabrics than the cotton, PC blend, silk and cotton.
The glass and silk fibre woven fabrics have greatest tendency to give up electrons and gain a positive electrical charge.
The polyester fibre woven fabric have greatest tendency to attract electrons and gain a negative electrical charge.
The optimum process parameters were analyzed and it was found that rubbing cycle (+), pressure (0) and speed (+) were obtained for effective measurement of electrostatic discharge properties of various types of woven fabrics.
Sl. No. Process parameter Optimum level
Rubbing cycle + Pressure 0
Speed + Table 2 : Optimum level process parameter of electrostatic discharge tester.
